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Techrjfcal field of the invention 



The present invention relates to an optical encoder to be 
attached to a rotating axis of a servo motor, etc., in 
particular, a shape of a light receiving window which is 
disposed above a slit into which light comes. 
Background of the arts 

An optical rotary encoder is such that a code pattern is 
provided on a rotary disk constructed of glass, etc., light 
from a light emitting element such as an LED, etc., is made 
incident into the code pattern, light transmitted through or 
reflected from the code pattern is received directly by a light 
receiving element such as a photo diode, etc., or via a light 
receiving window. And a minute current of the light receiving 
element is amplified by a circuit substrate and is converted 
to adjusted electric signals, wherein the electric signals are 
multiplied, interpolated or pulsated to detect the rotating 
speed or rotating position of the abovementioned disk. 

in the above rotary encoder, the quantity of light received 
by respective light receiving elements is not the same, and 
differences may arise in the minute current in the light 
receiving elements. Therefore, in the case where the minute 
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current is amplified by the circuit substrate and converted 
to eiectric sisals, a difference occurs in the degree of 
amplification in the' respective light receiving events. 

Where electric signals are multiplied, interpolated or 
pulsated with respect to progress of high accuracy, if there 
is a difference in the respective basic signals, a problem in 
the frequency characteristics arises, which causes a lowering 
of the position precision at a high speed operation. 
&3> Therefore, the present invention was developed to solve 
the above problem, and it is therefore an object of the 
invention to provide an encoder that can prevent the position 
precision at a high speed operation from 
Disclosure of the invention 

^ encoder according to the invention is an encoder having 
a code pattern provided on a rotary disk, which detects the 
' rotation speed and rotational position of the rotary disk by 
receiving light coming from a light emitting element and 
- transmitted through or reflected from the code pattern by the 
light receiving element; wherein a fixed slit which is disposed 
between the rotary disk and the light receiving element so that 
a plurality of light receiving windows through which light 
reflected from or transmitted through the code pattern passes 
is disposed so as to have a difference in phase at different 
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positions in the radial direction of the rotary disk; the length 
of the light receiving windows in the radial direction is set 
so as to gradually become shorter from the inner peripheral 
side toward the outer peripheral side; and the opening area 
of the light receiving windows at the inner peripheral side 
of the fixed slit is set to be equal to that at the outer 
peripheral side. 

An encoder having a code pattern provided on a rotary disk, 
which detects the rotation speed and rotation position of the 
rotary disk by receiving light transmitted through or reflected 
from the code pattern by light receiving elements; wherein the 
light receiving elements have a plurality of light receiving 
portions to receive light, coming from a light emitting element, 
transmitted from or reflected from the code pattern, which are 
disposed so that it has a difference in phase in different 
positions in the radial direction of the rotary disk; the length 
of the rotary disk of the light receiving portions in the radial 
direction is set so as to gradually become shorter from the 
inner peripheral side toward the outer peripheral side; the 
area of the light receiving portion at the inner peripheral 
side of the light receiving element is set to be equal to that 
at the outer peripheral side. 

According to the encoder of the invention, since the length, 
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of the light receiving window or rotary disk having the shape 
of the light receiving portions, in the radial direction is 
set so as to gradually become shorter from the inner peripheral 
side to the outer peripheral side, the area of the light 
receiving windows or the light receiving portion can be set 
to be the same regardless of the position of the rotary disk 
in the radial direction. 
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:ion of the invention 



7^T777^fi^Iti^nal view of an encoder according 
to a preferred embodiment according to the invention, 

FIG. 2 is a plan view of a rotary slit disk 1 shown in FIG. 

FIG. 3 is a detailed view showing a light receiving window 
secured at a fixed slit 3 shown in FIG. 1, 

FIG. 4 is a detailed view showing a light receiving portron 
secured at a light receiving element 4 shown in FIG. 1, 

FIG. 5 is a view showing a current waveform of the light 

receiving element 4, 

FIG. 6 is a view showing a waveform of amplified voltage, 
FIG. 1 is a view showing a rotary slit disk 1 and fixed 
sll t 3 according to the preferred embodiment, and showing a 
prior art rotary slit disk 22 and fixed slit 23, 



FIG 8 is a detailed view of a light receiving window 
secured at a fixed silt 9 according to another e^odittent, 

FIG 9 is a detailed view of a light receiving window 
secured at a fixed slit 10 according to still another 

embodiment, _ 

FIG 10 is a detailed view of a light receiving wxndow 
secured at a fixed slit 11 according to further another 

embodiment, , 

FIG n is a detailed view of a light receiving wrndow 
secured at a fixed slit 12 according to further another 

embodiment, and _ 

FIG 12 is a detailed view of a light receiving wrndow 
secured at a fixed slit 13 according to further another 
embodiment . " 




Besthde for carrying out the invention 



i^Ts^fTiuTatl^FI^^ 
of the invention, and FIG. 2 is a plan view of a rotary slit 

,„ FT( - 1, 1 is a rotary slit 
di*k constituting the encoder. In FIG. 1, 

dis , such as glass, etc., which is fixed, directly or via an 
axia l .oint such as a coupling, at a -otor shaft for whrch the 
rotation position or rotating speed is intended to he detected 
As illustrated in FIG. 2, a code pattern of the reference prtch 
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on 



= i -i +- Hi «;k 1 2 is a light emitting 
6 is provided on the rotary slit disk 1 . 

el ement such a S an infrared LED, etc. , 3 is a fixed slit, having 
a iight receiving window of a shape described later, which 
transmits a parallel light beam irradiated fro, the Ixght 
emitting element 2 and transmitted through the code pattern . 

the rotary slit dis* 1. 4 is a light receiving element such 
as a photo diode, etc. 5 is a circuit substrate that uprising 
an amplification portion 51 which converts photo-current 
converted signals to voltage at the light receiving element 
4 a waveform processing circuit 52 for multiplicat.on, 
interpolation and pulsation, an output circuit 53 and an LED 

drive circuit 54. 

FIG 3 shows light receiving windows provided at the fixed 
slit 3 Light receiving windows 31, 32, 33, and 34 located at 
different positions on the same radius are, respectively, 
disposed with a difference of 90° in the positional phase wrth 
reference to the basic pitch. The respective light receiving 
windows are established so that the length thereof in the radial 
direction from the outer peripheral side toward the inner 
peripheral side gradually becomes greater in order to ma»ce the 
opening area of the light receiving window on the outer 
peripheral side equal to that on the inner peripheral side. 
Light of a light emitting diode 2 such as an infrared LED, 
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etc is irradiated in a state where the rotary slit disk 1 
is rotated at a constant speed of revolution, and light 
transited through the code pattern of the rotary slit drs, 
1 and the light receiving window of the fixed slit 3 Is made 
incident into the light receiving element 4 (See FIG. 4), 
hereby photo-current converted minute currents (See FIG. 5, 
are obtained. 

AS shown in FIG. 4, respective light receiving portions 
41 42, 43, and 44 which constitutes the light receiving element 
4, respectively, correspond to the light receiving windows 31, 
32, 33 and 34 of the fixed silt. 

in addition, since the opening areas of the respective 
light receiving windows of the fixed slit 3 are equal to each 
other, the quantities of light received by the respective Irght 
receiving portions of the light receiving events are made 
equal to each other, whereby as shown in FIG. 5, the minute 
currents, that is, the Minute currents 71, 72, 73, and 74 
obtained at the respective light receiving portions 41, 42, 
43 and 44 express the same intensity. 

PIG 6 shows the results of having converted the currents 
having characteristics shown in FIG. 5 to voltage. The minute 
currents obtained at the light receiving portions are converted 
to voltage by a series resistance method, etc., by the 
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amplification portion 51. Resultantly, as shown in FIG . 6 the 
. ls 81 82 83, and 84 will have a waveform 
respective signals 81, V*, 

having the same amplitude (voltage) . 

. i ft i 82 83 and 84 thus obtained have the 
Since the signals 81, 82, 8 3 ana 
saffie characteristics b ein g .aultrpUed 

Legated or Plated * - — processin, c.rcu.t . 
2 , J £1U c t ua ti on occurs in thed i«e re nc ei n P os it io Mlph ase 

at a high speed rotation, and nutter is not greased w hl c 
may b e produced durin, ni gh spee d operation w h en carr Y rn g out 

1 tip Lation by usin. a .rid.in. circuit, etc. Mso, even 

2 a case .ere t h e rotatin. position is 

LiC-di.ital conversion, it rs possi.le to ac.ie.e an encoder 
ha vin 9 better position precision in a wide ran g e. 

In action, since t h e len 9 t h of respective U*t recervrn 
win dows, « h ic h constitute t h e -ed - 3, 1. - r a 
section is set so as to b e g raduall y sorter --ne nn 
peripheral si d e toward the outer peripheral s.de, it 
os sle to desi,n to have a smaller dieter of the rotar 
Ul disKi. X h at is, as shown in HO. the — of 
respective li g ht recervin, windows, w h ic h constitute t.e prro 
ar t fixed siit ,3, in the radial diction is set so as t 
t he sa m e in .11 the ra d ial Erections of the rofry slrt d 
22 on tne other h and, since t.e len 9 th of tne respects lr g ht 



receiving windows, which constitute the fixed slit 3 o f the 
embodiment, in the radial direction ate set to be gradually 
smaller toward the outer peripheral side, the dialer o f the 
rotary sll t dis, 1 can be designed to be seller in line 
therewith. 

A1S o, as shown in FIG. 8 and FIG. 9, the encoder is such 

that, in order to increase resolution power, a plurality of 

■ ■ -nHows 91 92, 93, and 94, and 101, 102, 103 
light receiving windows 91, vt, 

and 10, (groups of the light receiving windows, of the same 
phase are, respectively, formed in the slits 9 and 10. However 
ln this case, the total s» of the opening areas of the light 
receiving windows of the same phase and the total sum of the 
opening areas of the light receiving windows of the other phase 
are set so as to be equal to each other. 

In addition, as shown in FIG. 10, in a construction where 
the fixed slit and light receiving elements are 
that is, in a construction where a slit is formed on a photo 
d iode, the length of the respective light receiving portions 
1U 112 113, and 114 of the light receiving element 11 m 
th e' radial direction is set so as to become gradually longer 
fro, the outer peripheral side toward the inner peripheral side, 
whereby the areas of the respective light receiving port-" 
are set so as to become equal to each other. 
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Fu rther, as shown in FIG. 11 and FIG. 12, in a construction 
wh ere the fixed slit and light receiving elements are made 
con.cn, t na t is, in a conduction where a slit is formed » 
a photo diode, a plurality of light receiving portions 121. 

13? 133 and 134 (group of light 
12? 123, 124, and 131, 132, 

receiving portions, of the - phase are provided at the light 
receiving elects 12 and 13, corresponding to the fixed slrts 
9 and 10 shown in the previous drawing FIG. 8 and FIG. 9, and 
the total sum of the area of the liaht receiving portions o 

receiving portions of the other phase are set so as to he egual 

to each other. 

As described above, the encoder of the invention xs an 
encoder having a code pattern provided on a rotary dis,, rn 
W hich light coding fro, a light eating element and 
transmitted through or reflected fro, the code pattern rs 
recelved by the light receiving element, and that detects the 
rotation speed and rotatronal position of the rotary disK; 
whereln a fixed slit is disposed between the rotary 
the light receiving element so that a plurality of Irght 
re ceiving windows through whrch light reflected fro, or 
transmitted through the code pattern passes are disposed so 
, to have a difference in phase at different positions in the 



as ■ 



10 



radial direction of the rotary disK; the o £ the U*t 

receiving windows the radial direction 1. set so as to hecome 
!BlM U f shorter from the inner peripheral .1* » * 
Iter peripheral side; and «- opening a«a o f the x** 
receiving windows .t the inn-r peripheral side o t th. 
sllt ls set to b e egual to that at the outer peripheral srde; 
or t he encode, having a code pattern provided on . rotary drs* 
whlch detects the rotation speed an d rotation position or the 
rotary dis* by receiving 1 ight transmitted through or re. iecte. 
f rom the code pattern b y 11** receiving elements, wherern the 
ligh t receiving elements have a Polity of light recervrng 
portions to receive light, coming from a light emitting element, 
transmitted from or rejected from the code pattern, whrch are 
di sposed so that they have differences in phase in diferen 
posi tions in the radial direction of the rotary dis,; the lengt 
of the rotary dis, of the light receiving portions in the radial 
dltec tion is set so as to gr.duaily become shorter from he 
inner peripheral side toward the outer peripheral side; the 
area of the light receiving portion at the inner periphera 

-, ™^+- ic QPt to be equal to that 
side of the light receiving element is set 

at the outer peripheral side. 

Therefore, the amount of light which the light receivmg 
elements receive can b e m ade the same regardless of the position 
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of the rotary disk. Accordingly, it 1. possible to prevent an 
increase in high speed flutter arising due to fluctuations of 
the difference in the phase at high speed operation or when 
performing multiplication using a bridging circuit, etc. Also, 
even in a case where the rotational position is converted to 
digit al signals by analog-digital conversion, it is possible 
to provide an encoder which enables better rotational precision 
OV er a wide range. Further, since the area of the light 
receiving windows and that of the light receiving portions can 
be made egual to each other regardless of the positions of the 
rotary disK, the length in the radial direction is set so as 
to gradually become shorter from the inner peripheral side 
toward the outer peripheral side. Therefore, the diameter of 
the rotary dis* can be designed to be smaller than that of the 
prior art disks. In particular, an encoder having a number of 
tracks having high resolution power can be small in srze. 

Industrial applicability 

*n encoder according to the invention detects the rotation 
S peed and position of a rotating axis of a servo motor, whereby 
it can be utilized where rotational position and speed are 
intended to be controlled at a very high precis! 
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